In this study, the results of unplanned urbanization and possible preventive measures, which could be taken to the Pendik district, Istanbul-Turkey, are presented. In addition, different kinds of urban habitats and some ecologic characteristics within the frontiers of Pendik are described. Native, exotic, and cultivated plant taxa were realized and all the greenery in the area was explored during different seasons. A total of 538 plant species were examined, exposing that 418 species were natural and 120 species were exotic and cultivated within the district. The most observed native plant taxa were in the Asteraceae family (64 species), while the most found exotic plant family was Rosaceae (18 species). The most observed archaeophyte and neophyte plants in these taxa, as well as, endemic, rare, endangered, medicinal, and poisonous species are also discussed. Furthermore, this study emphasizes how the necessity of having ecological studies has become common in urban areas, in Istanbul and throughout the world.
INTRODUCTION
Increasing levels of urbanization resulted by natural growth of the urban population and migration of the rural population towards cities (Altay et al., 2010a ). Cities play a major role not only as providers of employment, shelter and services but also as centers of culture, learning and technological development and industrial centers for the processing of agricultural produce and manufacturing and portals to the rest of the world (UNCHS, 2001) .
According to Wheater (2002) , the rise in the world's human population from 5.2 billion in 1990 to approximately 8 billion in 2025 will increase the living proportions in urban areas from 34% in 1960 to 44% in 1990 and to reach 60% by 2025. There is a strong positive link between National levels of human development and urbanization levels. Human impact has been recognized as the most important influence on the composition of the flora and vegetation during the last 5,000 years. As towns and cities are developed, rural landscapes become destroyed or engulfed, thus in turn, new urban habitats are created (Shaltout and El-Sheikh, 2002; Wheater, 2002; Sukopp, 2004) . Urban lands are partly affected by dangerous chemicals such as; nitrogen oxides, sulphur dioxide, carbon monoxide, ozone and halogens and some heavy metals including; zinc, copper, cobalt, nickel, mercury, lead, cadmium and chromium (Ozcan et al., 2008; Demir et al., 2010; Sakar et al., 2010 Sakar et al., , 2011 . Atmospheric pollution is also ameliorated by trees particularly since particulate material collects on leaves and fissures in the bark (Wheater, 2002; Yasar et al., 2010) while some plants accumulate those harmful substances, without showing any symptoms, many of them are being influenced and therefore, the toxicity reflects negatively most flora and vegetation.
Istanbul, as Turkey's largest city and commercial capital, has always been positioned as a "world city", as much by its geo-economic location at the crossroads between Europe and the Middle East, as by its spectacular setting, straddling the wooded hillsides on both sides of the Bosphorus (UNCHS, 2001; Tugal, 2008; Altay et al., 2010a; Demir et al., 2010) . It has in consequence been the destination of a continuous (Karpat, 1985; Tugal, 2008; Tuikapp, 2010) . 1901 1,159,000 1914-1916 1,600,000 1927 806,863 1940 991,237 1950 1,166,477 1960 1,882,092 1970 3,019,032 1980 4,741,890 1985 5,842,985 1990 7,309,190 1997 9,198,809 2000 10,072,447 2010 12,915,158 National migration for decades, which can be seen in Figure 1 . Istanbul's annual urbanization rates since 1950 have persistently exceeded 3%, with a peak of 5.12% annually during the 1970 to 1975 period, making Istanbul the most rapid growing city in Europe (UNCHS, 2005) . Today, its population exceeds 12, 915, 158 (6, 498, 997 men, 6, 416, 161 women) and a rate of 3.45% (Table 1) mostly accounting for the countryside migration is spontaneous, without significant control by local or regional authorities, while there is also no serious metropolitan development plan. At present, more than half of the population of Istanbul lives in slums (UNCHS, 2005) . In this particular study, the Pendik district was carried out as a model with its fast development and urbanization in Istanbul to exhibit the negative effects of urbanization on natural environment. Furthermore, native (indigenous), exotic and cultivated plants, which existed in these urban habitats are mentioned. The most observed archaeophyte and neophyte plants in these taxa, endemic, rare and endangered plant species and their habitats are given in Appendix 1 to 2. It is also pointed out the negative effects of unplanned urbanization and industrialization, which have been made without observing ecologic necessities on natural and the precautions on these subjects.
Year

Population
General information
Location
The Pendik district is located on the Anatolian (Asia) side of Istanbul 40°52′39 N, 29°15′05 E, on the north coast of the Marmara Sea. Total land area is 203 km (Governorship, 2010; Municipality, 2010; Tuikapp, 2010 Kartal to the west, Çekmeköy to the north-west, Şile to the north, Tuzla to the east. Additionally, Kocaeli City locates to the east and Marmara Sea to the south. Ömerli Dam Lake constitutes a border with Pendik and Sancaktepe, Çekmeköy and Şile Districts (Governorship, 2010) .
History
According to ancient records, the Ancient Macedonians lived in the area over 5,000 years ago; it became a Roman settlement in 753 BCE, and through conquests became even more culturally universal. (Governorship, 2010) .
Population
The population of Pendik increased rapidly over the last three decades. While in 1927, the population was around 2,000 it reached 48,219 in 1980. After 1980, the population increased faster and according to the 2010 data, the population is now 520,486 (262,859 men-257,627 women) (Tuikapp, 2010; Governorship, 2010) . The Demographic data from 1927 to 2009 is given in Table 2 . Until the 1970s Pendik was a rural area, far from the city (Figure 2 ). Today Pendik is a crowded mix of working class housing (especially towards the E5 motorway) with more expensive apartments with sea views along the coast (Governorship, 2010; Municipality, 2010) .
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Economy Pendik was always a retreat from the city and by the 20 th century was peppered with holiday and weekend homes of Istanbul's wealthy. The Ömerli Dam constructed in the year 1975, and the Pendik District became one of the most important energy resources of Istanbul. In the Great Nazım Plan, which was approved in the year 1980, aimed at the regulation of industry in Istanbul and which was prepared with a scale of 1/50.000, Pendik and Kurtköy was given a place with a total area of 400h. The Pendik Dockyard and Heavy Industrial Plants have played a great role in the development of Pendik with the population it attracts, besides its contribution to the economy of the county since the year 1982. According to 2009 data, there are 5,658 large and small business firms in the Pendik District and 2,022 of them are showing activity in production sectors while 1,242 of them are building societies. In addition to the Ömerli Dam, Sabiha Gökcen Airport and Formula 1 Area (Istanbul Park), affects the economy of Pendik positively. Today, Pendik is one of the most important industrial areas of Istanbul and it is projected to be a major urban and industrial area in the future (Yasar and Ozyigit, 2009; Municipality, 2010) .
Topography
Pendik has a rough terrain and the land area turns into the hills (Ballıca, Agılbayırı and Karabayır Hills) through the north side, while it is flat at the seacoasts. There are three brooks (Riva, Ballıca and Büyükdere) and there is a big dam (Ömerli) in the district (Yasar and Ozyigit, 2009; Municipality, 2010) .
Geology
There were epirogenic movements until the end of Paleozoic era, and then the research area was in active tectonic influences from end of the Paleozoic to end of upper Miocene eras in the research area. The layers turned into curved, broken or partially pressed structures as a result of the tectonic effects. The directions of the layers are Southwest-Northeast. Gradients are in northwest and southwest dimensions and between 14 and 60°. The Paleozoic older units are generally younger from north to south (Altay et al., 2010a) .
Soil
The most part of the study area consisted of brownish forest soil without lime, which is generally formed under forests, and the remaining parts are alluvial soil, and brownish soil without lime. Furthermore, the seacoast has partially sandy and clay soils, and there are limestone and quartz on the Hills (Yasar and Ozyigit, 2009; Municipality, 2010) .
Climate
The climate of this research area is a typical four-season continental climate of the Mediterranean Region. The Mediterranean character is associated with the annual distribution of precipitation, being high during the winter months and having a drought period of 3 or 4 months in summer ( Figure 3 ) (Altay et al., 2010a) . The continental climatic element is attributed to the high amplitude of annual temperature that exceeds 40°C. January and February are the coldest months (mean low -3.2°C) while July and August are the warmest (mean high 28.5°C). Information about the climate was derived from the meteorological station of Göztepe-Kadıköy, which is sited near the study area. Precipitation mostly occurs in winter and for the period 1963 to 2004, the mean annual temperature and the mean annual precipitation were 14.2°C and 690.7 mm, respectively (DMI, 2010). Extreme winter temperature (<0°C) is usual in the area and the late frost danger is generally present. In relation to the Mediterranean bioclimatic divisions, the area belongs to the humid zone with cold winter (Yasar and Ozyigit, 2009; Altay et al., 2010a; DMI, 2010) .
MATERIALS AND METHODS
The plant samples collected in the Pendik District are the materials of this study. The inventory of the flora was conducted from March to July between the years 2003 to 2009. The grasslands, rocky sites, shrub lands and forests were also inventoried each year. Two extra visits at the study area; once early in spring and a second, late in autumn each year, contributed to the identification of early and late growing species. The plant specimens were identified by using "Flora of Turkey and the East Aegean Islands" (Davis 1965 (Davis -1985 Davis et al., 1988; Guner et al., 2000) and preserved in MÜFE (Marmara University, Sciences and Arts Faculty) herbarium.
The flora is listed in Appendix 1 to 2 and the floristic list is arranged in alphabetical order as family, genera and species. Life forms [phanerophytes (Ph); chaemaphytes (Ch); hemicryptophytes (H); therophytes (Th); geophytes (G)] were determined according to Raunkiaer system (Raunkiaer, 1934) . Phytogeographical origins [Euro-Siberian (Euro.-Sib.), Irano-Turanian (Ir.-Tur.), Mediterranean (Medit.), East Mediterranean (E. Medit.)] are noted with the scientific names of collected species. In addition, the most observed archaeophyte and neophyte plants in these taxa are given Apendix 1 to 2. In this study, distribution of taxa (widespread or cosmopolitan), exotic and cultivated plants, endemic, rare, endangered, medicinal and poisonous species and are also given in Appendix 1-2 (Bailey, 1949; Mataraci, 2004; Yucel, 2005) . The categories and criteria of the rare and endangered species were mentioned according to "Red Data List" of International Union for the Conservation of Nature and Natural Resources (IUCN, 2010) and "Red Data Book of Turkish Plants" .
Poisonous and medicinal plants of both native and exotic taxa, which were collected in the Pendik District was mentioned as marking (*) for poisonous and (**) for medicinal in Appendix 1 to 2. The poisonous plants were arranged according to Secmen and Leblebici (1987) , Baytop (1989) and Ozturk et al. (2008) , while the medicinal plants were arranged according to Baytop (1984) and Baytop and Kadioglu (2002) .
RESULTS
In this research, a total of 538 vascular plant taxa were fixed in the research area. Among them, 418 native species were belonged to 276 genera and 76 families, and 120 exotic and cultivated species were belonged to 101 genera and 56 families (Appendix 1 to 2). It was determined that 331 native species (79.19%) were belonged to dicots while 80 native species (19.14%) to monocots. Four native species (0.96%) were belonged to Pteridophyta and three native species (0.71%) to gymnospermae.
The following families were represented by the largest number of native species respectively and are as follows: Asteraceae (64 species, 15.31%), Fabaceae (43 species, 10.29%) and Poaceae (38 species, 9.09%). Literature indicates that Asteraceae family members have the highest number of taxa in the flora of Turkey and most parts of the Central Europe and Asia (Davis, 1965 (Davis, , 1985 Shaltout and El-Sheikh, 2002; Antipina, 2003; Amanatidou, 2005; Yarci et al., 2007; Maxwell, 2009; Altay et al., 2010a; Osma et al., 2010) . The most common genera were Trifolium (13 species 3.11%), Ranunculus (8 species 1.91%), Crepis, Euphorbia and Juncus (6 species 1.44%). The determinations of life forms showed that the largest groups were therophytes (43.78%) and hemicryptophytes (27.99%) for native plants. The percentages of other life forms were as follows: geophytes (14.11%), phanerophytes (9.81%), chamaephytes (3.11%) and helophytes (1.2%). As it is known, therophytes and hemicryptophytes are widespread where Mediterranean climate is predominant (Akman and Ketenoglu, 1987; Altay et al., 2010a; Osma et al., 2010) .
The most common phytogeographical elements were found as Medit. El. (52 species, 12.44%), Euro-Sib. El. (47 species 11.24%) and E. Medit. El. (14 species, 3.35%) for native plants in the Pendik district. This can be attributed to the fact that the research area is mostly affected by the Mediterranean climate. It is known that the Northern side of Istanbul is partly affected by the oceanic climate and this situation can be as a result of the growing plant taxa belonging to Euro-Sib. El. in the Pendik district (Altay et al., 2010a) . In the study area, nine species (2.15%) were cosmopolitan and eighty-nine species (21.29%)were widespread. It was also observed that eight taxa were endemic (1.91%).
The most common native plant species were Calendula arvensis L. (Altay et al., 2010b) . Among the collected taxa, eight of them were endemic (all of them endangered) and five of them were rare species. Additionally, 97 of the collected plant taxa were poisonous (75 natural, 22 exotic and cultivated) and 118 of them were medicinal (93 natural, 25 of exotic and cultivated). In the research area, three taxa were found within the Bern Convention (The Convention on the Conservation of European Wildlife and Natural Habitats), which was signed in Switzerland in 1979 and became effective on 1 st June 1982 were Trifolium pachycalyx Zoh. (Fabaceae), Onosma proponticum Aznav. (Boraginaceae) and Colchicum micranthum Boiss. (Liliaceae) (Bern, 1979; Ozhatay et al., 2003) .
DISCUSSION
Despite Pendik being a fast-developing and urbanized district, present study show that it has a great number of rich plant taxa (Appendix 1 to 2). In addition to the effects of Mediterranean climate, temperature range (fourseason climate), water availability (rain regime, many seasonal brooks and the Marmara Sea) and topographic differences (from sea level to the Aydos Hill) seem to be related with the rich plant diversity. The morphological and physiological adaptation ability of the plants, the livestock preferences and various stress factors also resulted to high niche differentiation among the plant species and thus to a high floristic diversity in urban ecosystems (Amanatidou, 2005; Altay et al., 2010a) . Furthermore, wild-growing plant species (crop and garden weeds) and spontaneously occurring ornamental plants escaped from original cultivations, contribute the richness of plant species as well (Zerbe et al., 2003; Altay et al., 2010a) .
Although, the flora could be rich in urban habitats, fast growing urbanization can cause problems to the survival of some species. In the Pendik District, while Centaurea hermanni F. Hermann (Asteraceae), Lemna minor L. (Lemnaceae), Cephalanthera longifolia (L.) Fritsch, Neotinea masculata (Desf.) Steam, Orchis papilionacea L., Orchis laxiflora Lam., Orchis tridentate Scop. subsp. lactea (Poir.) Rouy (Orchidaceae) were present in 1960's, most of them can not be observed today (Baytop, 1962) . (Juncaceae) are decreasing rapidly. However, alteration of the natural barrier-beach and water level regulation caused a dramatic decrease in wetland vegetation and wildlife diversity in the Pendik district as well. Additionally, the Pendik District has a larger area when compared to many other districts of Istanbul City and the cities enlargement is mostly occurring after 2000s in this district, especially in the Kurtköy side (Figures 1 to 2) . Many buildings; hospitals, schools and public shopping centers for example, built in the district and affect negatively toward the natural flora.
In the study area, an increase of non-native plants, ruderals, cultivated and annuals were observed. With an increasing number of inhabitants, increasing trade and traffic causes the proportion of non-native species in the urban flora to increase (Pysek, 1998; Garcia-de-Lomas et al., 2010; Altay et al., 2010a) . The species, which are directly or indirectly imported to an area tough human activity, sometimes cover more frequently than native plants (Zerbe at al., 2003; Altay et al., 2010a Kowarik (1992) stated that the most frequent non-native species on wasteland, built up areas, green spaces, forests and wetlands of Berlin, Germany were Robinia pseudoacacia, Acer negundo and Prunus serotina. These trees were introduced to Europe from North America in the 18 th and 19 th century and spread over a wide range of areas and habitats inside and outside of the settlements (Zerbe et al., 2003; Kowarik, 1992) .
Like many other fast developing metropolitans, most parts of Istanbul and the Pendik district are under both positive and negative effects of civilization. In the study area, Ömerli Dam, Sabiha Gökcen Airport and Formula 1 Area (Istanbul Park) affected the flora and vegetation in negative ways, especially some endemic plants such as Lathyrus undulatus, Trifolium pachycalyx, Senecio castagneanus, Onosma proponticum and Crocus pestalozzae are decreased as the result of these projects.
In many cities, plantation with exotic and non-native plants negatively changes the natural habitats. In general, immigrants bring seeds from their previous habitats and after sowing them and plantation of plants, the flora becomes richer, but neutrality looses (Altay et al., 2010a) . The following plant taxa can be given as good samples of this situation; Thuja orientalis, Chamaerops excelsa, Chamaecyparis lawsoniana, Agave americana, Eucalyptus camaldulensis, Lantana camara "Aulanche", Diospyros lotus and Opuntia ficusindica. Furthermore, in the inner sides of the city, temporary wastelands can provide space for a large Eskin et al. 635 number of species and communities such as Phragmites australis and Thypha latifolia. (Altay et al., 2010a; Osma et al., 2010) . In some cases this situation can be reversed. Sometimes immigrants consume and reduce some plants for ethnobotanically uses, as a result of their conventions in previous habitats. It is known that Erica spp. has usage in traditional broom making and in the Pendik District; some immigrants reduced these species for this aim. Moreover, illegal tree cuttings by some villagers who are in lower economical levels reduced Pinus sylvestris trees in Aydos Forest, in the Pendik District. In addition, Aydos Forest is a desirable place with its clean and fresh air, closeness of the city center and the view of Marmara Sea and Princess Islands, also shows a result of illegal forest cuttings, while fires for building construction are also affecting the natural habitat.
As it is mentioned by Ausden (2007) , management of urban green spaces usually places a higher value on recreational and educational needs and community involvement. Habitats in urban areas have also rarely been subject to long periods of traditional management. Most practical differences in management between habitats in urban areas, gardens, and backyards and those in the wider countryside are due to their small size, requiring them to be managed more intensively to maintain their interest, and the impracticality of using grazing or burning to arrest succession.
The main techniques for managing habitats in urban spaces, gardens, and backyards or wildlife are:
1. Minimizing or avoiding harmful gardening practices, especially pesticide use; 2. Planting flowers, shrubs, and trees that provide good wildlife habitat; 3. Creating features that provide good habitat for wildlife such as ponds, marshy areas, wildflower meadows, and piles of logs and other plant material.
